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Supplemental Experimental Procedures

Generation of AviTag Dicer constructs
Generation of AviTag constructs was previously described (Lau et al., 2012) .
Briefly, the AviTag sequence was cloned into specific positions encoding surface loops within human Dicer (NM_030621). Surface accessible loops were identified by inspection of crystal structures of the isolated human Dicer RNase IIIb domain (PDB 2EB1) and the human Dicer PAZ-platform module (generously provided by Dinshaw Patel). For the constructs where the crystal structure of their domains is unavailable, a combination of structural prediction algorithms was used to identify potential insertion sites. The I-TASSER server (Roy et al., 2010 ) was used to predict protein structure and identify likely exposed loops. Secondary structure prediction and protein disorder prediction tools were used to identify charged, hydrophilic and likely disordered amino acids to be used for AviTag insertion.
For the first generation AviTag-RNaseIIIb-1 Dicer, the AviTag sequence (LNDILEAQKIEWHEG) was engineered between residues S1792 and E1793 by QuikChange PCR (Agilent Technologies). The primer set RNaseIIIb-1-QC-F/RNaseIIIb-1-QC-R was used. The DNA oligonucleotides are shown below (Region corresponding to the AviTag sequence are underlined and italicized):
For the remaining AviTag constructs that were engineered, restriction sites were first introduced into each loop using QuikChange PCR (Agilent Technologies). DNA oligonucleotides encoding the AviTag sequence with the appropriate overhangs were then ligated into the engineered restriction sites.
For the AviTag-PAZ Dicer, AviTag-Platform Dicer and AviTag-RNaseIIIb-2 Dicer, the AviTag sequence was inserted between amino-acid residues K916 and E917, D886
and S887, and K1779 and E1800 respectively. The set of primers and oligo insertion pairs used in generating these constructs were previously described (Lau et al., 2012) .
For Avitag-DUF-1 Dicer, Avitag-DUF-Prior Dicer and Avitag-DUF-After Dicer,
BamHI and NotI restriction sites were introduced between residues N672 and S673
(primer set DUF-1-QC-F/DUF-1-QC-R), residues D620 and G621 (primer set DUFPrior-QC-F/DUF-Prior-QC-R) and residues E731 and E732 (primer set DUF-After-QC-F/DUF-After-QC-R) respectively. For each construct, the Avitag-BamHI-Not1-F/AvitagBamHI-Not1-R oligonucleotides were inserted between the introduced restriction sites.
The DNA oligonucleotides are shown below (BamHI and NotI sites are underlined):
Avitag-BamHI-NotI-F/Avitag-BamHI-NotI-R oligo pair:
For Avitag-RNase IIIa-1 Dicer, Avitag-RNase IIIa-2 Dicer, and Avitag-RNase IIIa-3 Dicer, the SfoI and SpeI restriction sites were inserted between residues K1433 and E1434 (primer set RNaseIIIa-1-QC-F/RNaseIIIa-1-QC-R), residues Q1389 and D1390 (RNaseIIIa-2-QC-F/RNaseIIIa-2-QC-R), and residues A1436 and D1437 (RNaseIIIa-3-QC-F/RNaseIIIa-3-QC-R) respectively.
For the Avitag-Ruler Dicer, SfoI and SpeI restriction sites were inserted between residues E1226 and N1227 with the primer set Ruler-QC-F/Ruler-QC-R. For the Avitag-C-term Dicer, the SfoI and SpeI restriction sites were inserted following the end of Dicer using the primer set C-term-QC-F/C-term-QC-R.
Following restriction sites insertion, the oligo pair Avitag-SfoI-SpeI-F/Avitag-SfoISpeI-R was then inserted into the engineered position.
The DNA oligonucleotides are shown below (SfoI and SpeI sites are underlined):
Avitag-SfoI-SpeI-F/Avitag-SfoI-SpeI-R oligo pair:
Negative staining
Specimens were negatively stained using either the carbon sandwich (Ohi et al., Immediately following removal of excess sample, 2% uranyl acetate (UA) or uranyl formate (UF) solution was added to the grid for immediate sample fixation. The stain was blotted off and replaced with fresh stain for 3 to 5 times. Finally, for the carbon sandwich method, a thin carbon layer was deposited over the grid and blotted dry. For deep staining, the grid was blotted from the side such that a very thin layer of stain was left on the grid and allowed to dry.
Electron microscopy
Data were acquired using a Tecnai F20 Twin transmission electron microscope operating at 120 keV, using a dose of 20 e-/Å 2 and a nominal defocus range of -1 to -3 μm. Leginon data collection software (Suloway et al., 2005) was used for image acquisition at a nominal magnification of between 50,000x and 62,000x, resulting in a pixel size at the specimen level of 0.151 nm and 0.131 nm respectively. Images were recorded using either a Tietz F415 4 × 4 K pixel CCD camera (15 μm pixel) or Gatan 4 x 4 K pixel CCD camera For the Random Conical Tilt (RCT) experiments, image pairs were taken at 0 and 50 degrees using the RCT node of Leginon (Yoshioka et al., 2007) .
Image processing and model reconstruction
All experimental data were processed using the Appion software package, which interfaces with the Leginon database infrastructure (Lander et al., 2009) . For the RCT dataset, particle pairs were picked using tiltpicker (Voss et al., 2009 ). Contrast transfer function (CTF) corrections for the untilted images were estimated using Automated CTF Estimation (ACE) (Mallick et al., 2005) . Only images whose CTF estimation had an ACE confidence of 0.8 or better were extracted.
For C-terminal-labeled Dicer, a total of 265 image pairs resulting in 18,512
particles were subjected to alignment and classification. 24 3D RCT reconstructions were generated. For the RNase IIIb-1, 520 image pairs resulting in 25,019 particles were aligned and classified. 64 independent 3D RCT reconstructions were generated.
For DUF-prior-labeled Dicer, a total of 1351 image pairs resulting in 92,130 particles were subjected to alignment and classification. 11 3D RCT reconstructions were generated. For DUF-after-labeled Dicer, 570 image pairs resulting in 48,164 particles were aligned and classified. 13 independent 3D RCT reconstructions were generated.
The details for the remaining PAZ-, Platform-and RNase IIIb-labeled Dicer were previously described (Lau et al., 2012) .
For analysis of the streptavidin attachment sites, individual 3D reconstructions were visually inspected for distinct Dicer features indicating accurate alignment. The retained reconstructions were aligned against the full length Dicer map using the "fit in map" protocol within Chimera (Pettersen et al., 2004) with the density of streptavidin segmented out using Segger (Pintilie et al., 2010) . Cross-correlation values of the aligned RCT maps against the full length Dicer model were calculated using Spider's CC C routine (Baxter et al., 2007) or Chimera's "fit in map" routine. For each labeled form, the top six to eight RCT reconstructions were used for estimating the attachment site of streptavidin.
Crystal structure fitting
The crystal structure of PAZ/Platform module of Dicer was fitted into the EM density of full length Dicer. A combination of Chimera's fit in map routine as well as manual fitting were used to allow for the correspondence to streptavidin tagging data.
The position and fitting of the crystal structure of the Duck RIG-I helicase (PDB 4A2P) was based upon deletion studies previously performed (Lau et al., 2012) .
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